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© Image recording apparatus. 
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To record a multi-valued image by an ink-jet 
head, an ink droplet is jetted from a recording ele- 
ment (nozzle) for the number of times corresponding 
to the density of a pixel to be reproduced. Accord- 
ingly, the pixel data to determine the number of ink- 
jet operation is expressed by a plurality of bits and 
the data of each bit are transferred to a plurality of 
shift registers at a time. Each shift register has 



storage capacity based on bit data corresponding to 
the number of recording elements of a recording 
head. When data transfer is completed, a driving 
signal is supplied to the recording head. The driving 
signals are counted and each recording element is 
driven based on the count result and the data stored 
in each register. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an image re- 
cording apparatus, and more particularly, to an 
image recording apparatus capable of recording a 
visible image on a predetermined recording me- 
dium by using a recording head having a plurality 
of recording elements. 

One of such apparatuses is an ink-jet type 
printer. In such a printer, the space between noz- 
zles of the recording head has been reduced, and 
thus resolution of 300 dpi through 400 dpi is possi- 
ble. 

For example, a recording head having a length 
corresponding to the shorter side of an A4 paper 
(approximately 21 cm), so-called a full-multi-head, 
includes approximately 3,000 nozzles. 

In this case, if all the nozzles are simulta- 
neously driven, a large amount of electric power is 
required, resulting in increase in cost and size of 
apparatus. Therefore, the nozzles are generally di- 
vided into a plurality of groups and driven in group 
units. 

Fig. 2 is a diagram showing an example of a 
full-multi-type recording head having ink-discharge 
ports arranged over the width (shorter side) of a 
recording medium. As shown in Fig. 2, electrother- 
mal transducing elements 1 are formed on a sub- 
strate such as silicon at regular intervals by the 
same manufacturing process as that used in semi- 
conductor. These elements are connected to elec- 
tric wires (not shown) respectively. Partitions 14 are 
formed by building resin layers between the ele- 
ments 1, and a fluid passageway forming member 
16 in the form of a plate is adhered to the top of 
the partitions 14. The member 16 is further ad- 
hered to a glass plate 17, thus discharge ports 12, 
fluid passageways 13, and a common fluid cham- 
ber 15 are formed. 

Fig. 10 is a diagram illustrating a general circuit 
of a drive control circuit which drives a recording 
head shown in Fig. 2. 

In Fig. 10, Ri-i-R^n, R 2 -i~R 2 - n 

Rm-rRm-n are electrothermal energy transducing 
elements (hereinafter referred to as "recording ele- 
ments") . As shown in Fig. 10, n recording ele- 
ments comprise a single group, and m groups of 
recording elements comprise a recording head. 

During image recording, data expressed by bit 
is synchronized with a data transfer clock SCLK 
and transferred to shift registers 2-1 -2-m. The 
number of bits of the data is the same as that of all 
the recording elements. When all the data is trans- 
ferred, latch circuits 1-1-1-m respectively latch the 
data stored in the shift registers 2-1 -2-m. 

Subsequently, if the first group receives a 
pulse signal (drive signal BEo), from a CPU (not 
shown), whose signal level is high for a predeter- 
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mined period of time, the corresponding recording 
elements Ri-i~Ri- n are heated in accordance with 
the data held in the latch circuit 1-1. As a result, 
the nozzles of the heated recording elements dis- 

5 charge an ink-droplet. 

Subsequently, the recording elements in each 
group are driven when the CPU (not shown) se- 
quentially outputs drive signals BEi~BE m . 

It is assumed that multi-valued image is re- 

io corded by discharging an ink droplet from the 
same nozzle for plural times. In this case, it is 
required that data is transferred for the number of 
times corresponding to the density of a pixel to be 
recorded. Accordingly, as the level value of an 

15 image to be reproduced increases, it takes more 
time to transfer data, thus resulting in decrease of 
recording speed. 

The CPU which transfers data in particular per- 
forms an image development processing and other 

20 various processings for, e.g., a memory (not 
shown). Accordingly, if the above-described data 
transfer is frequently performed, the time divided 
for processings other than the data transfer is re- 
duced. As a result, printing speed is decreased. 

25 Furthermore, in a case where an image is 

recorded in three levels, a driving signal is output- 
ted for 2xm times. Thus the load on the CPU 
increases. 

30 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide a recording apparatus capable of 
reducing the number of data transfer processing for 

35 image recording in a case where a multi-valued 
image is recorded. 

According to the present invention, the fore- 
going object is attained by a recording apparatus 
having a recording head including M recording 

40 elements, comprising: N shift registers, each of 
which has M-bit storage capacity; transfer means 
for transferring a first bit through N-th bit of N-bit 
image data respectively to a first through N-th shift 
register in parallel; count means for counting a 

45 driving signal with respect to the recording head 
after M-pixel data are transferred; and driving 
means for driving each recording element of the 
recording head for plural times in accordance with 
the count result by the count means and each pixel 

50 data stored in the N shift registers. 

The foregoing object is also attained by a 
recording apparatus having a recording head fixed 
in a predetermined position which includes M re- 
cording elements arranged in a direction which is 

55 substantially perpendicular to a recording medium 
feeding direction and across the recording medium, 
comprising: N shift registers, each of which has M- 
bit storage capacity; transfer means for transferring 
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a first bit through N-th bit of N-bit image data 
respectively to a first through N-th shift register in 
parallel; count means for counting a driving signal 
with respect to the recording head after M-pixel 
data are transferred; and driving means for driving 
each recording element of recording head for plural 
times in accordance with the count result by count 
means and each pixel data stored in the N shift 
registers. 

Other features and advantages of the present 
invention will be apparent from the following de- 
scription taken in conjunction with the accompany- 
ing drawings, in which like reference characters 
designate the same or similar parts throughout the 
figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incor- 
porated and constitute a part of the specification, 
illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the 
principles of the invention. 

Rg. 1 is a block diagram illustrating the control 
structure of a recording apparatus in the em- 
bodiment; 

Fig. 2 is a diagram illustrating the construction 
of an ink-jet type recording head of the record- 
ing apparatus of the embodiment; 
*Fig: 3 is a diagram illustrating the circuit struc- 
ture of a head driver; 

Rg. 4 is a timing chart showing the operation 
timing in the circuit of Fig. 3; 
Rg. 5A is a timing chart showing a timing of 
data recording and data transferring in the em- 
bodiment; 

Rg. 5B is a timing chart showing a timing of 
data recording and data transferring in the con- 
ventional technique; 

Rg. 6 is a diagram for explaining the operation 
of a decoder of the embodiment; 
Fig. 7 is a diagram showing the recording state 
of multi-valued data in the embodiment; 
Rg. 8 is a diagram for explaining another exam- 
ple of the operation of the decoder; 
Fig. 9 is a diagram for explaining the construc- 
tion of a recording unit of the recording appara- 
tus capable of full-color recording; and 
Fig. 10 is a diagram illustrating the circuit struc- 
ture of the conventional head driver. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the present inven- 
tion will now be described in detail in accordance 
with the accompanying drawings. 



Fig. 1 is a block diagram illustrating the con- 
struction of a recording apparatus in the embodi- 
ment. In Fig. 1, numeral 100 is an interface which 
inputs recording data from a host computer (not 

5 shown). Numeral 101 is a MPU which performs 
various controls in the recording apparatus. Nu- 
meral 102 is a ROM in which various control pro- 
grams executed by the MPU has been stored. 
Numeral 103 is a dynamic RAM (DRAM) which 

to stores various data (such as the above recording 
signal and recording data supplied to the head). 
Numeral 104 is a gate array (G.A. in the figure) 
which performs supply control of the recording 
data to a recording head 107. Furthermore, the 

75 gate array 104 performs data transfer control 
among the interface 100, MPU 101 and DRAM 103. 

Numeral 105 is a head driver which drives the 
recording head 107, and numeral 106 is a motor 
driver which drives a carriage motor. The recording 

20 head 107 is an ink-jet type recording head which 
executes recording on a recording medium by dis- 
charging an ink-droplet. The carriage motor 108 is 
a motor which carries a recording medium (record- 
ing paper). 

25 The operation of the recording apparatus hav- 

ing the above construction is described. First, re- 
cording data inputted from an interface 100 is 
converted to image data for printing by the gate 
array 104 and the MPU 101, and then the con- 

30 verted image data is supplied to the head driver 
105. While the motor driver 106 is driven, the 
recording head 107 is driven in accordance with 
the image data transferred to the head driver 105. 
The construction of the recording head 107 in 

35 the recording apparatus of the embodiment is simi- 
lar to that of the ink-jet type recording head which 
is described earlier with reference to Fig. 2. That is, 
the recording elements of the recording head is 
divided into m groups and driven in each group. 

40 The ink-jet type recording head of the present 
embodiment is a so-called full-multi-type recording 
head in a form where ink-discharging ports are 
arranged over the range corresponding to the width 
(shorter side) of a recording medium, and records 

45 an image in three levels (no ink-droplet discharge, 
one ink-droplet discharge and two ink-droplet dis- 
charges). 

Fig. 3 is a diagram illustrating the circuit con- 
struction of the head driver 105 which drives an 

50 ink-jet type recording head having a mechanical 
construction shown in Fig. 2. In the embodiment, 
the head driver 105 is comprised of a single board. 

In Fig. 3, Sh and SI2 are two-bit recording data 
signals of a line which are recorded in three levels, 

55 and are supplied in parallel. In this embodiment, a 
three-level image is recorded by those signals (to 
be described later with reference to Fig. 7). The 
recording data inputted by signal lines of the sig- 
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nals Sh and SI2 are synchronized with data trans- 
fer clock SCLK and respectively stored in shift 
registers 4-ia and 4-ib (i = 1~m) in each of the drive 
circuits 5-1~5-m. When data transfer required for 
recording is completed, latch circuits 3-1 ~3-m hold 
bit data stored in the shift registers 4-ia and 4-ib by 
a LAT signal. 

OR gate 26 outputs a logical OR of a driving 
signal El (an external driving signal) supplied from 
outside (a controller) and a driving signal (an inter- 
nal driving signal), which circulates internally, from 
the m-th driving circuit 5-m. Numeral 24 is a coun- 
ter which counts the number of loops of external 
driving signals El or the internal driving signal (the 
number of times of recording execution). Subse- 
quently, the count value is outputted to the decod- 
ers 23-1 ~23-m, respectively. Furthermore, an AND 
gate 25 suspends the internal driving signal when a 
predetermined number of data is counted by the 
counter 24. Accordingly, the counter 24 and AND 
gate 25 repeatedly generate driving signals for a 
predetermined value set in the counter 24 for the 
driving circuit 5-1. The decoders 23-1 ~23-m re- 
spectively select data to be recorded from the data 
held in the latch circuits 3-1~3-m based on the 
value set in the counter 24. Considering the de- 
coder 23-1, either data from the shift register 4-1 a 
or that from 4-1 b is selected and outputted. The 
above processing is also performed in the other 
driving circuits 5-2-5-m. 

The flip flop 22-1 sets the internal driving sig- 
nals outputted from the AND gate 25 by synchro- 
nizing with the transfer clocks ECLK. Accordingly, 
electric current flows only to the recording ele- 
ments selected by output data of the decoder 23 
while a current-flow set-signal (BEI) is activated by 
the AND gate 21-1 and AND gate 2-1~2-n. The 
above processing is also performed in the other 
driving circuits 5-2-5-m. 

The operation of the head driver 105 with the 
above circuit structure is explained with reference 
to the timing chart of Fig. 4. When data transfer of 
bit data SI1 and Sb are completed, an external 
driving signal El is supplied from outside after a 
latch signal is supplied to all the latch circuits 3- 
1~3-m for holding the transferred data. The exter- 
nal driving signal El is sequentially supplied to 
each group via the flip-flops 22-1 -22-m by syn- 
chronizing with the driving signal transfer clock 
ECLK and delaying one clock of the clock ECLK. 
Furthermore, the decoder 23-i switches a selection 
output at the timing where an output Q of the 
previous flip-flop 23-j (j = i_1 ) is set in accordance 
with the count value from the counter 24. Subse- 
quently, an electric current flows to the recording 
elements selected by the output of the decoder 23- 
i while the signal BEI is set in a group where the 
output from the flip-flop 22-i is set. 
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As described above, the bit data Sh is sequen- 
tially recorded. When the output Q of the flip-flop 
22-m in the m-th group is set by ECLK, the m-th 
group is activated and the output Q of the flip-flop 

5 22-m in the m-th group is supplied to the OR gate 
26 as an internal driving signal to record next data 
SI2. In Fig. 4, the timing for generating the internal 
driving signal is represented by a dot line on the 
external signal El. By the internal driving signal, the 

10 counter 24 is updated so that each decoder 23 
selects bit data Sl 2 . The bit data Sl 2 is recorded in 
the way similar to the data Sh . Furthermore, when 
the final m-th group is activated in the recording of 
the bit data SI2, a driving signal is generated by 

15 the output Q of the flip-flop 22-m in the m-th group. 
Accordingly, since the count value of the counter 
24 becomes "3" and a signal from the terminal RC 
is outputted, the counter 24 is reset, and thus the 
signal is not transmitted to the first group as an 

20 internal driving signal. 

As described above, the bit data Sh and Sl 2 
are sequentially recorded by input of a single ex- 
ternal driving signal El. While the bit data is being 
recorded, the bit data Sh and Sl 2 for the next line 

25 are respectively transferred to the shift registers 4- 
1a and 4-1 b. 

The ink-jet interval of each group of the record- 
ing elements can be constant between the time for 
the completion of recording of bit data SI2 of the 

30 m-th group and the time for the rise of the next 
ECLK. 

Fig. 5A is a timing chart showing the timing of 
data recording and data transferring in the present 
embodiment, and Fig. 5B is a timing chart showing 

35 the time of data recording and data transferring in 
the conventional technique. As apparent from these 
charts, in the present technique, two bit data (Sh 
and Sl 2 ) are simultaneously transferred, and the 
time for recording these data is reduced in com- 

40 parison with that of the conventional technique. 
Furthermore, since the number of occurrence of 
the latch signal LAT and driving signal El is de- 
creased, the load on the controller such as a CPU 
is reduced. 

45 Fig. 6 shows the processing of the decoder in 

the present embodiment. Here, contents of data to 
be outputted is determined in accordance with the 
data held in the latch circuit 3 and the count value 
of the counter 24. More particularly, when a count 

50 value of the counter 24 is "1", data Sh is output- 
ted, while when a value is "2", data SI2 is output- 
ted. 

Fig. 7 is a diagram illustrating the recording 
state of multi-valued data. The shift of a recording 
55 dot in the lateral direction as shown in Fig. 7 is 
caused by paper feeding operation. 

As described above, according to the recording 
apparatus of the embodiment, ternary data can be 
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transferred at a time. Furthermore, by setting a 
count value in the counter 24 to "3", it is possible 
to record three-level image only by supplying a 
single driving signal. 

Accordingly, the time for transferring data from 
the controller can be reduced by the internal driv- 
ing signal generator in an ink-jet recording head 
and the circuit structure such that data expressed 
by plural bits is inputted in parallel and decoded. 
As a result, the recording speed as a whole system 
is improved. Furthermore, a driving frequency in 
each group and a paper feeding speed can be at a 
predetermined level regardless of a maximum den- 
sity value of a line to be recorded, thus resulting in 
simplification of the control. 

In the above embodiment, the recording of 
ternary (three-level) data is performed for two-bit 
input data, however, this does not impose a limita- 
tion upon the invention. For example, if four-level 
data is recorded for three-bit input data, three sig- 
nal lines may be provided, the counter 24 is set to 
"4" and the decoder 23 is changed to correspond 
to this setting. Furthermore, four-level data can be 
recorded by using two-bit input data as binary data. 
In this case, an output of the decoder 23 is as 
shown in Fig. 8. That is, the count value of the 
counter 24 is compared with a density value (0-3) 
represen ted by Sli and Sfe and, if the density is 
high, an ink droplet is discharged. 

Furthermore, a line printer capable of full-color 
recording as shown in Fig. 9 can be provided by 
using the above-described recording head and the 
driving control circuit. In Fig. 9, numerals 201A and 
201 B are respectively a pair of rollers to carry the 
recording medium R in the sub-scanning direction. 
Numerals 202BK, 202Y, 202M and 202C comprise 
a full-multi-type recording head which records 
black, yellow, magenta and cyan by arranging the 
nozzles over the width (shorter side) of the record- 
ing medium R. The nozzles are sequentially ar- 
ranged in the above order from the upper stream in 
the paper feeding direction VS. Numeral 200 is a 
recovery system which faces the recording head 
202BK-202C instead of the recording medium R 
during the ink-jet recovery processing. In this line 
printer capable of full-color recording, the recording 
head of each color can be applied to the circuit 
shown in Fig. 3 and the same result can be ob- 
tained. 

Furthermore, if a two-level recording is per- 
formed, only the data Sh is transferred or the value 
of the counter 24 is set to "2". 

The present invention provides (excellent) ef- 
fects especially in a printing apparatus having an 
ink-jet recording head of the type in which printing 
is performed by forming flying droplets utilizing 
thermal energy. 



With regard to a typical configuration and op- 
erating principle, it is preferred that the foregoing 
be achieved using the basic techniques disclosed 
in the specifications of USP 4,723,129 and 

5 4,740,796. This scheme is applicable to both so- 
called on-demand-type and continuous-type appa- 
ratus. In particular, in the case of the on-demand 
type, at least one drive signal, which provides a 
sudden temperature rise that exceeds that for film 

io boiling, is applied, in accordance with print informa- 
tion, to an electrothermal transducer arranged to 
correspond to a sheet or fluid passageway holding 
a fluid (ink). As a result, thermal energy is pro- 
duced in the electrothermal transducer to bring 

75 about film boiling on the thermal working surface of 
the recording head. Accordingly, air bubbles can 
be formed in the fluid (ink) in one-to-one cor- 
respondence with the drive signals. A discharging 
port is made to discharge the fluid (ink) by growth 

20 and contraction of the air bubbles so as to form at 
least one droplet. If the drive signal has the form of 
a pulse, growth and contraction of the air bubbles 
can be made to take place rapidly and in appro- 
priate fashion. This is preferred since it will be 

25 possible to achieve fluid (ink) discharging having 
excellent response. 

Signals described in the specifications of USP 
4,463,359 and 4,345,262 are suitable as drive 
pulses having this pulse shape. It should be noted 

30 that even better printing can be performed by 
employing the conditions described in the speci- 
fication of USP 4,313,124, which discloses an in- 
vention relating to the rate of increase in the tem- 
perature of the above-mentioned thermal working 

35 surface. In addition to the combination of the dis- 
charging port, fluid passageway and electrothermal 
transducer (in which the fluid passageway is linear 
or right-angled) disclosed as the construction of the 
recording head in each of the above-mentioned 

40 specifications, the present invention covers also an 
arrangement using the art described in the speci- 
fications of USP 4,558,333 and 4,459,600, which 
disclose elements disposed in an area in which the 
thermal working portion is curved. 

45 Further, it is permissible to adopt an arrange- 

ment based upon Japanese Patent Application 
Laid-Open No. 59-123670, which discloses a con- 
figuration having a common slot for the discharging 
portions of a plurality of electrothermal transducers, 

50 or Japanese Patent Application Laid-Open No. 59- 
138461, which discloses a configuration having 
openings made to correspond to the discharging 
portions, wherein the openings absorb pressure 
waves of thermal energy. 
55 It is permissible to use a freely exchangeable 

tip-type recording head attached to the main body 
of the apparatus and capable of being electrically 
connected to the main body of the apparatus and 
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of supplying ink from the main body, or a car- 
tridge-type recording head in which an ink tank is 
integrally provided on the recording head itself. 

The addition of recovery means for the record- 
ing head and spare auxiliary means provided as 5 
components of the printing apparatus of the inven- 
tion is desirable since these stabilize the effects of 
the invention greatly. Specific examples of these 
means that can be mentioned are capping means 
for capping the recording head T cleaning means, io 
pressurizing or suction means, and preheating 
means such as an electrothermal transducer or 
another heating clement or a combination thereof. 
Implementing a preliminary discharging mode for 
performing discharging separately of recording also 75 
is effective in order to perform stabilized printing. 

The printing mode of the printing apparatus is 
not limited merely to a printing mode for a main- 
stream color only, such as the color black. The 
recording head can have a unitary construction or a 20 
plurality of recording heads can be combined. The 
apparatus can be one having at least one recording 
mode for a plurality of different colors or for full- 
color recording using mixed colors. 

Further, ink is described as being the fluid in 25 
the embodiments of the invention set forth above. 
The ink used may be one which solidifies at room 
temperature or lower, or one which liquefies at 
room temperature. Alternatively, in an ink-jet ar- 
rangement, generally the ink is temperature-con- 30 
trolled by regulating the temperature of the ink 
itself within a temperature range of between 30" C 
and 70° C so that the viscosity of the ink will 
reside in a region that allows stable discharging of 
the ink. Therefore, it is permissible to use an ink 35 
which liquefies when the printing signal is applied. 

In order to positively prevent elevated tempera- 
ture due to thermal energy when this is used as 
the energy for converting the ink from the solid 
state to the liquid state, or in order to prevent 40 
evaporation of the ink, it is permissible to use an 
ink which solidifies when left standing. In any case, 
the present invention is applicable also in a case 
where use is made of an ink which solidifies in 
response to application of thermal energy, such as 45 
an ink solidified by application of thermal energy 
conforming to a printing signal or ink which has 
already begun to solidify at the moment it reaches 
the recording medium. Such inks may be used in a 
form in which they oppose the electrothermal trans- 50 
ducer in a state in which they are held as a liquid 
or solid in the recesses or through-holes of a 
porous sheet, as described in Japanese Patent 
Application Laid-Open Nos. 54-56847 and 60- 
71260. In the present invention, the most effective 55 
method of dealing with these inks is the above- 
described method of film boiling. 
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Furthermore, as to the form of the printing 
apparatus according to the present invention, use 
is not limited to an image output terminal of an 
image processing apparatus such as a word pro- 
cessor or computer described above. Other con- 
figurations, which may be provided as a separate 
or integral part, include a copying machine in com- 
bination with a reader or the like, a facsimile ma- 
chine having a transmitting/receiving function, etc. 

In accordance with the other embodiment of 
the invention as described above, the density of 
one band of an image is judged and a changeover 
is made between the single scanning mode in 
which the entire image of one line is printed by a 
specific nozzle and the sequential multi-scanning 
mode in which ink is discharged using a plurality of 
nozzles, whereby a full-color image in which un- 
evenness is conspicuous even in one page of the 
original is printed in the sequential multi-scanning 
mode. When a portion having high density, such as 
a character portion, is printed, unevenness in the 
density of the printed image is rendered inconspic- 
uous, even when the image is printed in the single 
scanning mode. Printing speed is not reduced too 
much, the copying apparatus is easy to use and 
the copying apparatus employs a multi-nozzle 
head. 

The present invention can be applied to a 
system constituted by a plurality of devices or to 
an apparatus comprising a single device. Further- 
more, it goes without saying that the invention is 
applicable also to a case where the object of the 
invention is attained by supplying a program to a 
system or apparatus. 

According to the recording apparatus of the 
invention, since multi-valued data for recording a 
line are inputted in parallel, a processing speed is 
increased. 

Furthermore, according to the recording ap- 
paratus of the present invention, when recording is 
performed based on the bit data of a line inputted 
in parallel, a driving signal to record bit data after 
the second time is automatically generated, thus 
the load on the controller is reduced. 

As many apparently widely different embodi- 
ments of the present invention can be made with- 
out departing from the spirit and scope thereof, it is 
to be understood that the invention is not limited to 
the specific embodiments thereof except as de- 
fined in the appended claims. 

To record a multi-valued image by an ink-jet 
head, an ink droplet is jetted from a recording 
element (nozzle) for the number of times corre- 
sponding to the density of a pixel to be repro- 
duced. Accordingly, the pixel data to determine the 
number of ink-jet operation is expressed by a plu- 
rality of bits and the data of each bit are transferred 
to a plurality of shift registers at a time. Each shift 
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register has storage capacity based on bit data 
corresponding to the number of recording elements 
of a recording head. When data transfer is com- 
pleted, a driving signal is supplied to the recording 
head. The driving signals are counted and each 
recording element is driven based on the count 
result and the data stored in each register. 

Claims 

1. A recording apparatus having a recording head 
including M recording elements, comprising: 

" : N shift registers, each of which has M-bit 
storage capacity; 

transfer means for transferring a first bit 
through N-th bit of N-bit image data respec- 
tively to a first through N-th shift register in 
parallel; 

count means for counting a driving signal 
with respect to the recording head after M- 
pixel data are transferred; and 

driving means for driving each recording 
element of said recording head for plural times 
in accordance with the count result by said 
count means and each pixel data stored in the 
N shift registers. 

2. The recording apparatus according to claim 1, 
further comprising 

latch means for holding Nx M-bit data 
stored in said N shift registers, and 

wherein said driving means energizes or 
deenergizes i-th (1^M) recording element in 
accordance with N-bit data with respect to the 
i-th pixel held by said latch means and a count 
value which is counted by said count means 
when said count means counts a driving sig- 
nal. 

3. The recording apparatus according to claim 1, 
wherein the recording head is divided into P 
groups, each of which is composed of a plural- 
ity of recording elements. 

4. The recording apparatus according to claim 3, 
wherein said driving means comprises: 

P delay circuits which form a loop by 
connecting each circuit itself; 

driving signal supply means for supplying 
the driving signal to a first delay circuit; and 

signal supply means for supplying a signal 
outputted from the i-th (1^P) delay circuit as 
a driving signal for the j-th (1^P) group, and 

wherein said count means counts driving 
signals supplied to the first delay circuit. 

5. The recording apparatus according to claim 4, 
wherein said count means is reset in a case 



where a count value becomes a level of a level 
image to be recorded. 

6. The recording apparatus according to claim 4, 
5 wherein said driving means drives said record- 

ing head to record N + 1 -level image by select- 
ing one of said N shift registers in accordance 
with the result of said count means. 

w 7. The recording apparatus according to claim 4, 
wherein said drive means comprises 

comparison means for comparing the 
count result of said count means and a value 
of pixel data expressed by N bits, and 

75 wherein a particular recording element is 

driven in accordance with the comparison re- 
sult by said comparison means in order to 
record an image having 2 N -level image. 

20 8. The recording apparatus according to claim 1 , 
wherein said recording head is an ink-jet type 
recording head. 

9. The recording apparatus according to claim 1 , 
25 wherein said recording head is an ink-jet type 

head which discharges ink droplets by utilizing 
thermal energy, and each recording element is 
provided with a thermal energy generating ele- 
ment to generate a thermal energy applied to 
30 ink. 

10. A recording apparatus having a recording 
head, fixed in a predetermined position which 
includes M recording elements arranged in a 

35 direction, which is substantially perpendicular 

to a recording medium feeding direction and 
across the recording medium, comprising: 

N shift registers, each of which M-bit stor- 
age capacity; 

40 transfer means for transferring a first bit 

through N-th bit of N-bit image data respec- 
tively to a first through N-th shift register in 
parallel; 

count means for counting a driving signal 
45 with respect to the recording head after M- 

pixel data are transferred; and 

driving means for driving each recording 
element of said recording head for plural times 
in accordance with the count result by said 
50 count means and each pixel data stored in the 

N shift registers. 

11. The recording apparatus according to claim 
10, further comprising: 

55 latch means for holding Nx M-bit data 

stored in said N shift registers, and 

wherein said driving means energizes or 
deenergizes i-th (1^M) recording element in 
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accordance with N-bit data with respect to the 
i-th pixel held by said latch means and a count 
value which is counted by said count means 
when said count means counts a driving sig- 
nal. 5 

12. The recording apparatus according to claim 
10, wherein the recording head is divided into 
P groups, each of which is composed of a 
plurality of recording elements. 10 

13. The recording apparatus according to claim 
12, wherein said driving means comprises: 

P delay circuits which form a loop by 
connecting each circuit itself; is 

driving signal supply means for supplying 
the driving signal to a first delay circuit; and 

signal supply means for supplying a signal 
outputted from the i-th (1<i<P) delay circuit as 
a driving signal for the j-th (1 <j^P) group, and 20 

wherein said count means counts driving 
signals supplied to the first delay circuit. 

14. The recording apparatus according to claim 

12, wherein said count means is reset in a 25 
case where a count value becomes a level of a 
level image to be recorded. 

15. The recording apparatus according to claim 

12, wherein said driving means drives said 30 
recording head to record N + 1-level image by 
selecting one of said N shift registers in accor- 
dance with the result of said count means. 

16. The recording apparatus according to claim 35 
12, wherein said drive means comprises 

comparison means for comparing the 
count result of said count means and a value 
of pixel data expressed by N bits, and 

a particular recording element is driven in 40 
accordance with the comparison result by said 
comparison means in order to record an image 
having 2 N -level image. 

17. The recording apparatus according to claim 45 
10, wherein said recording head is an ink-jet 
type recording head. 

18. The recording apparatus according to claim 

10, wherein said recording head is an ink-jet 50 
type head which discharges ink droplets by 
utilizing thermal energy, and each recording 
element is provided with a thermal energy 
generating element to generate a thermal en- 
ergy applied to ink. 55 
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© Image recording apparatus. 
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© To record a multi-valued image by an ink-jet 
head, an ink droplet is jetted from a recording ele- 
ment (nozzle) for the number of times corresponding 
to the density of a pixel to be reproduced. Accord- 
ingly, the pixel data to determine the number of ink- 
jet operation is expressed by a plurality of bits and 
the data of each bit are transferred to a plurality of 
shift registers at a time. Each shift register has 



storage capacity based on bit data corresponding to 
the number of recording elements of a recording 
head. When data transfer is completed, a driving 
signal is supplied to the recording head. The driving 
signals are counted and each recording element is 
driven based on the count result and the data stored 
in each register. 
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